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ABSTRACT 
 
 
 
Evaluation of Herbicide Efficacy as Influenced by Adjuvant and Nozzle Type 
 
Catherine Loretta (Grissom) Ansolabehere 
 
 
White clover (Trifolium repens) is a common and difficult weed to control in 
turfgrass as it is a highly visible and unsightly weed that disrupts the uniformity of the 
turfgrass surface. This weed is a serious problem in the turfgrass industry in California 
and there is a need for better methods of control.  With more regulations on pesticides 
and less information about efficient application techniques, controlling white clover with 
available herbicides can be difficult.   
Compatibility trials were conducted during the summer of 2005 to determine the 
compatibility of the herbicides and adjuvants planned for use in subsequent greenhouse 
and field trials.  A greenhouse trial was conducted in the spring of 2006, followed by 
field trials in fall of 2006 and spring of 2007 to determine the efficacy of two herbicides 
on white clover when combined with each of three adjuvants and two nozzles.  Results 
showed the nozzles to have no significant effect on phytotoxicity to white clover in the 
greenhouse trial, while some of the herbicides and adjuvants significantly increased 
phytotoxicity to white clover.  In the field trials, adjuvants had no effect on phytotoxicity, 
while some herbicides and nozzles significantly increased phytotoxicity to white clover, 
perennial ryegrass and common bermudagrass.  Information about the combination of 
herbicides, adjuvants and nozzles will help turfgrass managers to improve their 
management of white clover in turfgrass.  
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Chapter 1: Introduction and Literature Review 
Pest control is a significant issue for turfgrass managers, requiring a well 
developed program to safely and effectively control the various pests which impact 
turfgrass quality.  Pesticides represent one of several methods used in many pest control 
programs.  Unfortunately, past misuse of pesticides has led to some detrimental effects to 
humans and the environment.  To protect our environment, government agencies, such as 
the Environmental Protection Agency and the California Department of Pesticide 
Regulation, have developed tighter regulations restricting the use of existing pesticides 
and development of new ones.  These regulations have led to fewer and less effective 
pesticides available for pest control, especially in low volume markets such as turfgrass 
management. 
Adjuvants have been developed as pesticide additives to improve efficacy and 
reduce drift potential.  Even though adjuvants can significantly improve pesticide 
efficacy and reduce drift, they may also have negative effects to the non-target species 
such as increased phytotoxicity (Curran, 1999; Hager et al., 2000).  
Additionally, adjuvants can influence spray nozzle performance (Ellis et al., 
1996).   This is due in part to the influence of adjuvant density on water surface tension. 
This effect impacts the atomization and spray pattern produced by different spray nozzles 
(Spraying Systems Co, 2004).   
Therefore, there is a need for more research to develop a better understanding of 
how pesticide/adjuvant mixtures influence nozzle performance.  Little or no research of 
this type has been conducted in turfgrass, although there is significant interest in this field 
by the California turfgrass industry. 
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White Clover (Trifolium repens) 
With more regulations on pesticides and little information about efficient 
application techniques, controlling tough turfgrass weeds, such as white clover, can be a 
problem.  White clover is difficult to manage because it is deep rooted and has a high 
reproductive capacity (Turgeon, 1994; UC IPM, 2004).   
White clover is a broadleaf perennial in the family Fabaceae (formerly 
Legumeaceae).  White clover, originally from the Mediterranean, was introduced into the 
United States as a forage crop (Andrae, 2004).  White clover has small, dark green, 
trifoliate leaves with a characteristic surface white V stripe. It’s a low-growing, spreading 
plant that is well adapted to the turfgrass environment and is able to withstand frequent 
mowing, even as low as 1/8 inch, making it a formidable weed pest (Elmore et al., 2006; 
Turgeon, 2004; Cella, 2006).   
White clover requires full sun to thrive, and prefers moist conditions, making it an 
ideal companion to many turfgrass species.  It has a fast reproductive rate and spreads by 
stolons and seed.  The seeds are very small and germinate quickly; often within days.  
The hard seed coat, however, enable the seeds to withstand high temperatures and persist 
for a long period of time in the soil (Elmore et al., 2006).  White clover can be very 
invasive, has deep clumping roots, and can compete with turfgrasses, especially in poorly 
maintained lawns where it is able to thrive in drought and low-nutrient conditions.  This 
is possible because, like all legumes (Fabaceae), white clover can fix atmospheric 
nitrogen into transportable nitrogenous compounds (UC IPM, 2004).   
 Nitrogen fixation is the conversion of atmospheric nitrogen (N2) into ammonia 
(NH3), a source of nitrogen that is available to plants, resulting from a mutualistic 
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relationship between beneficial bacteria and the plant it is specific to (Lindemann et al., 
2008).  Nitrogen fixation occurs in nodules, called rhizobim, formed on the roots of 
legumes that contain soil bacteria (Lindemann et al., 2003).  The bacteria inhabit the 
cortex of the root, forming the nodules.  This arrangement protects the bacteria from 
exogenous oxygen, which in excess, stops the action of nitrogenase, the enzyme 
responsible for converting the atmospheric nitrogen (N2 gas), to an organic form.  In 
exchange for this and available carbon as a food source, the bacteria provide the legumes 
with nitrogen (Lindemann et al., 2003).     
 Nitrogen fixing plants not only use the nitrogen, but return some to the soil and 
therefore, to the surrounding plants.  White clover is reported to contribute up to 2.24 
kilograms per hectare of nitrogen to surrounding turfgrass (Leonard, 2002).  One way 
legumes provide nitrogen to the surrounding plants is through decomposing root nodules 
and root material.  The non-leguminous plants are, therefore, able to utilize the nitrogen 
from these decomposing plant tissues (Leonard, 2002).   
Since the decaying material must be present in the soil to be available as a 
nitrogen source, the life cycle of the other plants is critical.  Normally, a warm-season 
grass forage will be planted following a cool-season legume, such as white clover, 
allowing the warm-season forage to use the available nitrogen during the warmer months 
when the cool-season legume is not growing actively (Evers, 2001).   
Legumes such as white clover are commonly mixed with pasture and cover crops 
because of their nitrogen contributions.  In the past, white clover was a common and 
valuable part of a turfgrass community until recent trends began to favor pure stands of 
turfgrass without the contamination of clover (Leonard, 2002).    
              
4 
 
Additionally, clover is less traffic-tolerant than most turfgrass species and tends to 
stain clothing (Leonard, 2002).  Furthermore, white clover has a clumpier growth habit 
than most common turfgrass species, which can create a surface undesirable or even 
hazardous in golf courses and sports fields (Leonard, 2002).   
 
Perennial Rygrass (Lolium perenne) 
Perennial ryegrass (Lolium perenne) is a cool season grass (C3) that grows best in 
areas with moderately cool weather, full sun, and moist but well-drained soil (Elmore et 
al., 2006).  Perennial ryegrass is a bunch grass with dark green leaves which are “shiny” 
on the underside, and of medium-fine texture (Duble, 1996).  The leaves are folded with 
short, thin auricles and a membranous ligule (Gibeault et. al. 1972).  Perennial ryegrass 
does not have rhizomes or stolons, therefore proper density is dependent on proper 
seeding rate and the elimination of stressful wear (Gibeault et. al. 1972).    It is one of the 
most popular turfgrass species used for lawns, sports fields, and pastures (Hall, 1992).   
Perennial ryegrass can be either diploid (having two sets of chromosomes) or 
tetraploid (having four sets of chromosomes).  Tetraploid perennial ryegrasses have 
larger leaves and a more open growth habit (Hall, 1992).  Tetraploids have a higher 
concentration of sugars in the leaves, making them better forage.  Additionally, they are 
easier to propagate due to larger seeds and tillers (Hall 1992).    
 Perennial ryegrass seeds germinate and establish quickly, but the mature plant 
spreads slowly by tillers (Duble, 1996).  It is well adapted to areas with moderate 
climates such as San Luis Obispo (Gibeault et al., 1972).   
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 Despite the quick establishment of perennial ryegrass, it spreads very slowly, 
leaving it susceptible to invasion by weeds (Duble, 1996).  Weeds prevalent in perennial 
ryegrass mowed at sports field heights include dandelion, white clover, bur clover, and 
plantain, due to their low growth habits and ability to withstand traffic and mowing (Hart 
2003). 
 
Common Bermudagrass (Cynadon dactylon) 
 Bermudagrass (Cynadon dactylon) is a warm season (C4) perennial grown as turf 
or pasture, but can be a common invasive weed (UC IPM, 2008).  Bermudagrass was 
introduced from Africa to the United States in 1751 and is found throughout the warmer 
climates of California (UC IPM 2008).  Common bermudagrass spreads by seeds as well 
as rhizomes or stolons, making it a very competitive plant, particularly in wet areas 
(Duble, 2004).  The hybrids however, are sterile making seed viability a non-issue 
(Duble, 2004).  There are nine specific epithets of bermudagrass in the genus Cynadon, 
the most common being C. dactylon (Duble, 2004).  Cynadon dactylon is a tetraploid 
which makes it very adaptable and fertile (Duble 2004).  Common bermudagrass can 
quickly become invasive in agricultural crops, landscape settings and in turfgrass (Duble 
2004).  
 Common bermudagrass makes an excellent turfgrass, especially for home lawns, 
golf courses, or sports fields, due to its high tolerance to traffic and compaction and its 
ability to recover from damage through its lateral growth habit (Duble, 2004).  In 
addition, it is easily propagated from seed, making it an economic choice where irrigation 
is available (Duble, 2004). 
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 Although common bermudagrass is competitive, because of its somewhat open 
canopy, several aggressive weeds can be problematic.  Highly successful broadleaf weeds 
that are adapted to turfgrass environments, such as clovers and dandelion, can be serious 
problems in common bermudagrass (Duble, 2004).  Additionally, grassy weeds such as 
crabgrass and Dallisgrass can also be a problem (Duble, 2004). 
  
Herbicides 
 When cultural controls fail to provide adequate weed control, proprietary 
chemistries may be an option.  Weed control chemicals used on turfgrass include 
herbicides and adjuvants, or additives, which are added to improve the action of the 
herbicide (Young, 2008).  These chemicals are applied using a variety of equipment, 
including spray equipment, where the spray nozzle plays an important role in the 
effectiveness of the chemicals applied. 
 There are many selective herbicides available for each specific weed problem.  
Herbicides acting selectively only kill certain types of plants; whereas those which are 
non-selective kill all they come into contact with.  Each herbicide acts on a specific site-
of-action of a plant, allowing for selectivity (Nissen et al., 2006).   
Additionally, herbicides are applied at different times to control weeds before or 
after emergence.  Herbicides are available as pre-emergent, that inhibit weed emergence, 
or post-emergent, that affect actively growing plants (Turgeon, 1994).   
 Post-emergent herbicides include contact and systemic types.  Contact herbicides 
provide control by degrading and killing the plant materials that they are applied to and 
have very little translocation throughout the plant (Turgeon, 1994).  Thorough coverage 
              
7 
 
of the plant is needed to provide adequate control.  Spray adjuvants help provide this 
coverage.   
A systemic herbicide is absorbed into the plant and moves through the vascular 
system to kill the entire plant (Turgeon, 1994).  With this type of herbicide, partial 
coverage can be adequate to provide control as the active ingredients can move within the 
plant.  However, care must be taken not to allow drift onto desirable plants, as even a 
small amount of a systemic herbicide can kill an entire plant (Turgeon, 1994). 
 When an herbicide is applied to a plant, it moves through the site of absorption to 
the target site, which is within the cytoplasm (Hartzler, 2001).  Herbicides can be 
absorbed through the roots, shoots or foliage (Kappler et al., 2004).   
Most pre-emergent herbicides are absorbed through the roots as they emerge or 
the shoots as they move through the soil.  Most post-emergent herbicides are absorbed 
through the foliage.  Application of foliar-absorbed herbicides should be made to the 
foliage; however some post-emergent herbicides provide limited pre-emergent control if 
applied to the soil (Turgeon, 1994).     
Absorption is influenced by many factors, including physical barriers such as the 
plant cuticle and leaf hairs, application method, and the chemical properties of the 
herbicide (Hartzler, 2001).  Weather can also affect absorption of an herbicide.  For 
instance, rain or irrigation following too soon after application can wash the herbicide off 
the foliage and high temperatures can cause volatilization, where liquid herbicide is 
converted to a gas (Dexter, 1993).  The condition of the plant also has an effect on 
absorption, as an actively growing plant will absorb more herbicide than one under stress 
(Nissun et al., 2006). 
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 Post-emergent systemic herbicides are a key factor in perennial weed 
management programs.  The storage structures of perennial plants make them difficult to 
control as they can use stored energy to re-grow.  Systemic herbicides are translocated to 
underground plant parts to ensure complete control (Rice, 2001). 
 
Adjuvants 
Improper management of pesticide use has resulted in reduced chemical 
effectiveness, development of pest resistance, drift to non-target organisms, and poor 
canopy penetration.  To address these problems a number of spray adjuvants have been 
developed to reduce drift and improve product distribution and penetration (Leaper et al., 
2000; Western, et al., 1999).   
Surfactants, petroleum crop oils, and vegetable oils, all considered adjuvants, 
have been shown to improve pesticide efficacy (Nissen et al., 2006).  Non-ionic 
surfactants improve pesticide distribution by lowering the surface tension of water; or by 
reducing the beading of the pesticide on the waxy leaf surface (Curran, 1999; Hager et 
al., 2000).   
Silicone and organosilicone-based surfactants cause “super-spreading” of the 
herbicide droplets on the leaf, reducing water surface tension to allow the herbicide to 
penetrate the stomata of the leaf.  This causes the herbicide to be “rain-fast,” meaning 
that the herbicide will not wash off the leaf (Tu et al., 2003).  
Crop and vegetable oil adjuvants improve pesticide efficacy by assisting pesticide 
in penetration into the waxy plant cuticle (Hager et al., 2000; Young, 2008).  Crop oils 
are primarily petroleum products, while vegetable oils are made from concentrating oils 
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from the seeds of flax, palm, corn, cotton, rape, sunflower, canola or soybean.  Although 
both are used to assist pesticide penetration, vegetable oils are generally less effective 
than crop-oils (Hager et al., 2000). An additional benefit of some oils is a reduction of 
spray drift.  The oils prevent formation of ultra-fine droplets during atomization at the 
nozzle (Western et al., 1999).   
While adjuvants provide many benefits, they may also increase the incidence of 
phytotoxicity, or chemical damage, to the desirable plant species (Pringnitz, 1998).  Plant 
tolerance to herbicides can be reduced by adjuvants, particularly oils, due to increased 
penetration of the waxy cuticle and uptake of the herbicide (Hager et al., 2000).  
Petroleum-derived oils are often more phytotoxic to plants and must be used with caution 
(Green et al., 2004).       
Adjuvants are often added to pesticide formulations by the manufacturer.  This 
makes their product easier to use and packaging is more convenient for the end user.  
California, however, requires in-state testing prior to registration of any new pesticide 
product (California DPR, 2005).  This is true not only for pesticides with new active 
ingredients, but for new products with changes in formulation through modification of 
adjuvants (California DPR, 2005).  Although adjuvants may improve pesticide efficacy 
and reduce environmental danger, there is little incentive by the chemical industry to 
invest in new formulations.  Therefore, adjuvants are being marketed as additives for 
pesticide applications by the producer or manager.   
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Compatibility of Herbicides and Adjuvants 
 While adjuvants can be beneficial when added to herbicides, they may not be 
compatible with all herbicides.  Some herbicides and adjuvants can react to form 
precipitates which may be unsuitable for application with spray equipment (McMullan, 
2000).  Precipitates can clog the small openings in nozzles and spray equipment, 
damaging the equipment and increasing the risk of spills and unintentional application 
which may damage desirable species (Fishel, 2007). 
 
Spray Nozzles 
Another factor influencing pesticide distribution and drift is nozzle type.  A 
variety of nozzles have been manufactured to address different application needs 
(Spraying Systems Co., 2004).   Nozzles such as flat fan, even fan, and cone create 
different spray patterns and degrees of atomization when applied under pressure.  Flat fan 
nozzles are designed to apply an even application of the pesticide with minimal drift.  
Cone nozzles distribute the pesticide over a larger area than flat fan nozzles and often 
have finer droplet sizes that penetrate the canopy to a greater degree.  However, they 
have a greater potential for spray drift (Spraying Systems Co., 2004).    
Over the past decade emphasis has been placed on reducing drift potential in 
nozzle design (Spraying Systems Co., 2004).   This has been accomplished through the 
development of nozzles with increased droplet size, although often at the expense of 
distribution uniformity.  Spraying Systems Co. manufactures several different flat fan 
nozzles, including the XR TeeJet©, AI TeeJet©, and Turbo TeeJet©, designed with 
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different droplet sizes for different purposes in pesticide distribution and drift 
minimization.   
 Spray drift may be caused by high pressure, wind, volatility, low relative 
humidity, high temperature, nozzle type, spray angle, or air stability (Dexter, 1993).   
Herbicides sprayed at high pressure cover a plant more uniformly due to the small droplet 
size that is created.  However, small droplets can move in the air more easily, causing 
off-target drift (Dexter, 1993).  Lowering the spray pressure can reduce the potential for 
drift, but also creates a large droplet which may run off the foliage, decreasing the chance 
for absorption (Dexter, 1993). 
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Chapter 2: Methods and Materials 
Introduction 
Wilbur Ellis, a wholesale supplier of pesticide products, submitted the initial 
request for this research in 2004.  A research proposal was developed through 
consultation with representatives from Wilbur Ellis and Spraying Systems Company and 
partial funding was promised.  Further support was sought from other sources in the 
pesticide industry through written and oral communication in 2005.  All the matching 
funds for this 3-year project were promised from six different companies, with 71% of 
the first year match received.  Matching support for this project was primarily cash 
donations, with less than 5% in-kind donations.  In 2005, the necessary nozzles, 
herbicides and adjuvants were provided.      
Data collected from this research on adjuvant and nozzle effects on herbicide 
performance contribute to the knowledge of the efficiency of weed control in turfgrass.  
Specifically, the research answers important questions relating to: 1) the influence of 
adjuvants on herbicide efficacy as applied through different nozzles used for turfgrass 
spray applications; and 2) the influence of adjuvants on herbicide efficacy versus plant 
phytotoxicity.  The results should help turfgrass managers improve weed control 
efficiency and reduce environmental hazard when using adjuvants.   
  Turfgrass managers spend much of their time and money in managing pests.  
Therefore, there is a great deal of interest in techniques for improving pest control within 
the turfgrass industry. This information will allow for improvements in recommendations 
for integrated pest management strategies.  Further publication of this research can only 
increase industry interest and support.   
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Herbicide/Adjuvant Compatibility Study 
 In June 2005, a preliminary study was conducted to test the compatibility of the 
herbicide and adjuvant mixtures that were planned for use in the greenhouse and field 
studies.   
   
Herbicides 
Wil-Power Herbicide 
 Wil-Power Herbicide, a post-emergent systemic broadleaf herbicide is 
manufactured by Wilbur-Ellis.  Wil-Power is labeled for the control of many aggressive 
broadleaf weeds in turfgrass including white clover.  The Wil-power label has the signal 
word “Danger” and a Restricted Entry Interval of 48 hours.  The active ingredients are 
MCPA (Dimethylamine Salt of 2-Methyl-4-Chlorophenoxyacetic acid) 46.87%, 
Triclopyr (Triethylamine Salt of 3,5,6 Trichloro-2-Pyridinyloxyacetic acid) 10.68%, and 
Dichloroprop-p (Dimethylamine Salt of (+)-R-2-(2,4-Dichlorophenoxy) 9.12%.   
 Triclopyr is a Pyridine carboxylic acid and is commonly referred to as a Picolinic 
acid (Dollinger, 2005; Rice, 2001). Triclopyr is a synthetic auxin absorbed by plant 
tissues and translocated to the meristems, where it accumulates and is recognized by the 
plant as a growth hormone (Rice, 2001).   
 MCPA a Phenoxy-carboxylic acid, or Phenoxy, is a synthetic auxin that is 
absorbed by plants and accumulates in the meristems (Dollinger, 2005; Rice, 2001). 
Dichlorprop is Phenoxy-carboxylic acid, or a Phenoxy, a synthetic auxin that is 
absorbed by plant tissues and interferes with cell differentiation (Rice, 2001).  
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Drive DF Herbicide 
 Drive DF is a post-emergent systemic broadleaf herbicide manufactured by 
BASF.  The active ingredient is Quinchlorac (3,7-dichloro-8-quinolinecarboxylic acid) 
75%.  Drive DF is a dry granular formulation. 
Quinchlorac is a synthetic auxin that causes excessive growth (Dollinger, 2005).  
Quinchlorac is a Quinoline carboxylic acid. 
 Drive is labeled for the control and/or suppression of many broadleaf weeds in 
turfgrass, including white clover.   The Drive DF label has the signal word “Caution” and 
a Restricted Entry Interval of 12 hours. 
 
Adjuvants 
R-11 
 R-11 is a nonionic surfactant manufactured by Wilbur-Ellis containing 90% 
alkylphenol ethoxylate, butyl alcohol, and dimethylpolysiloxane.  This adjuvant helps the 
herbicide to spread uniformly.  The label has the signal word “Warning.” 
 
Hasten 
 Hasten is a modified vegetable oil manufactured by Wilbur-Ellis that contains 
100% ethyl oleate, polyethylene dialky ester, and ethoxylated nonylphenol.  The label has 
the signal word “Caution.” 
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Syl-Tac 
 Syl-Tac is a modified vegetable oil concentrate/ organosilicone surfactant blend 
manufactured by Wilbur-Ellis.  It contains 100% ethylated seed oil, 3-(3-hydroxypropyl)-
heptamethyltrisiloxane, ethoxylated acetate, and polyoxyethylene dioleate; polyalkyl 
ethoxylate.  This adjuvant reduces surface tension and helps with spreading and 
penetration.  The label has the signal word “Caution.” 
 
Nozzles 
XR TeJet 
The XR TeeJet nozzles provide the finest droplet sizes with an extended flat 
distribution pattern.  Spraying Systems Co. (2004) rates this nozzle with excellent 
distribution but only good drift control.  This nozzle is designed to reduce drift when used 
at lower pressures and to provide better coverage when used at higher pressures.   
 
AI TeeJet 
AI TeeJet nozzles are air induction spray nozzles.  This type of nozzle has a 
“Venturi air aspirator,” which produces large air-filled drops providing good distribution 
and excellent drift control.  AI TeeJet nozzles are wide angle flat spray nozzles which 
create the largest droplet sizes in a flat spray pattern.  These nozzles are used for uniform 
coverage in broadcast spraying (Spray Systems Co., 2004).   
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Experimental Design 
Three compatibility trials were conducted in August 2005.  There were eight 
mixtures consisting of every possible combination of two herbicides, Wil-Power and 
Drive, and three adjuvants, R-11, Syl-Tac and Hasten.  Solutions of Wil-Power and Drive 
without adjuvant were used as controls (Table 1).  The eight treatments were mixed in 
clean 500 mL glass mason jars at label rates to make 250 mL total volume (Table 2).  
Untreated tap water from the Cal Poly Environmental Horticultural Science (EHS) Unit 
was used.  The mixtures were agitated manually until thoroughly mixed.  The jars were 
placed in a ventilation hood and observed for compatibility every 15 minutes, hour, two 
hours, three hours, four hours, 12 hours, 24 hours, 48 hours, and 72 hours.   
 
Table 1: Mixtures used in compatibility study 
Mixtures 
     
  
Herbicide Adjuvant 
1 Drive Syl-Tac 
2 Drive R-11 
3 Drive Hasten 
4 Drive None 
5 Wil-Power Syl-Tac 
6 Wil-Power R-11 
7 Wil-Power Hasten 
8 Wil-Power None 
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Table 2: Herbicide and Adjuvant Rates and Amounts for Compatibility Study 
 Label Rate Amount Mixed 
Drive 0.2 oz/ 1000 sq ft 0.16 mL 
Wil-Power 1 oz/ 1000 sq ft 0.78 mL 
R-11 3 pints/100 gal solution 1.88 mL 
Hasten 2 pints/ 100 gal solution 1.25 mL 
Syltac 3 pints/ 100 gal solution 1.88 mL 
 
 
Rating 
Compatibility was assessed using a visual rating scale (0-4), and a mixture was 
determined to be incompatible if it received a score of 3 or higher (Table 3).  A high 
rating would indicate the formation of precipitates and would be considered unsuitable 
for application with spray equipment.  Incompatible mixtures would then be excluded 
from the greenhouse and field studies. 
 
 
Table 3: Herbicide/Adjuvant Compatibility Visual Rating Scale 
Rating Description Compatibility Determination 
0 No change Compatible 
1 Slight thickening Compatible 
2 Thick (milky) liquid Compatible 
3 Thick liquid forming precipitates Incompatible 
4 Precipitates in mixture Incompatible 
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Greenhouse Study 
 In the spring of 2006, a greenhouse study was conducted to examine the effect of 
two herbicides, Wil-Power and Drive, as influenced by three adjuvants, R-11, Hasten, 
and Syl-Tac, and two nozzles, AI Teejet and XR Teejet, on phytotoxicity to separate pots 
of white clover, perennial ryegrass, and common bermudagrass.   
 
Plant Propagation and Maintenance 
Two turfgrass species, perennial ryegrass and common bermudagrass, and one 
weed species, white clover, were grown in four inch pots seeded by hand at turfgrass 
density (8-10 plants per pot).  Ninety six pots of each species were germinated in the Cal 
Poly EHS Unit mist house with bottom heat and then moved to a wooden bench without 
heat in a standard greenhouse as seedlings.  The plants were maintained in the 
greenhouse and trimmed by hand weekly to a height of 5.08 cm (2 inches) to simulate 
turfgrass conditions.  The plants were watered by hand daily by the greenhouse staff. 
 
Experimental Design 
 One trial was conducted with twenty-four treatments consisting of every possible 
mixture of three herbicides, four adjuvants and two nozzles, as shown in Table 4.  The 
three levels of herbicides were: no herbicide (NH), Wil-Power (WP), and Drive (D).  The 
four levels of adjuvants were: no adjuvant (NA), R-11 (R11), Hasten (H) and Syl-Tac 
(S).  The two levels of nozzles were: AI Teejet (AI) and XR Teejet (XR).  The treatments 
were mixed in 2 L plastic bottles at recommended label rates (Figure 1 and Table 5).  See 
Appendix A for herbicide and adjuvant labels.   
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For application of the treatments, the pots were moved outside the greenhouse to a 
large flat area within the Cal Poly EHS Unit.  Four plants of each species were placed in 
each of twenty-four flats and arranged in lines on an area of bare ground (Figure 2).  
Applications were made with a CO2-pressured 2-nozzle hand-held boom sprayer at 138 
kpa.  The walking speed during application was approximately 3.2- 4.8 kph and was 
practiced prior to application for accuracy. 
 
Figure 1: Herbicide/Adjuvant Treatments mixed in 2L Plastic Bottles 
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Table 4:  Treatments used in Greenhouse Study 
Treatments 
      
  
Nozzle Herbicide Adjuvant 
1 AI None None 
2 AI Wil-Power None 
3 AI Wil-Power R-11 
4 AI Wil-Power Hasten 
5 AI Wil-Power Syl-Tac 
6 AI Drive None 
7 AI Drive R-11 
8 AI Drive Hasten 
9 AI Drive Syl-Tac 
10 AI None R-11 
11 AI None Hasten 
12 AI None Syl-Tac 
13 XR None None 
14 XR Wil-Power None 
15 XR Wil-Power R-11 
16 XR Wil-Power Hasten 
17 XR Wil-Power Syl-Tac 
18 XR Drive None 
19 XR Drive R-11 
20 XR Drive Hasten 
21 XR Drive Syl-Tac 
22 XR None R-11 
23 XR None Hasten 
24 XR None Syl-Tac 
 
 
 
Table 5:  Herbicide and Adjuvant Rates and Amounts for Greenhouse Study 
   Rate 
Amount Mixed for 8 
Treatments 
Amount Chemical per 
Treatment 
Wil-Power  1 oz/1000sqft 5.6 mL in 2 L solution 0.07 mL 
Drive (Dry) 0.2 oz/1000sqft 0.03 oz in 2 L solution 0.00375 oz 
R-11 3 pints/100gal 7.45 mL in 2 L solution 0.93 mL 
Hasten 2 pints/100gal 4.96 mL in 2 L solution 0.62 mL 
Syl-Tac 2 pints/100gal 4.96 mL in 2 L solution 0.62 mL 
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Figure 2:  Arrangement of flats with pots for application of treatments for 
Greenhouse Study 
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Rating 
Herbicide phytotoxicity was evaluated for each of the two turfgrass species, 
perennial ryegrass and common bermudagrass, and for the weed species, white clover, 
one week after application (Time 1) and 2 weeks after application (Time 2).  
Phytotoxicity was evaluated visually using a 0-5 rating scale (Table 6).  The flats were 
rated from left to right starting in the lower left corner as shown in Figure 3. 
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The measure of phytotoxicity was used to determine both the level of control of 
the weed species, white clover, and the level of damage to the two desirable turfgrass 
species, perennial ryegrass and common bemudagrass.  A high level of phytotoxicity, or 
control, to white clover was desired.  However, phytotoxicity, or damage, to the two 
turfgrass species was not desired.   
 
Figure 3: Order of rating pots within flats in Greenhouse Study 
9 10 11 12 
5 6 7 8 
1 2 3 4 
 
 
Table 6: Phytotoxicity Rating Scale for Greenhouse Study 
Phytotoxicity 
   
    
Rating  Description 
   
1 Slight yellowing of leaves   
2 25-50% yellow    
3 >50 % yellow with some necrotic spots 
4 All yellow with >25% necrotic spots 
5 >50% necrotic     
 
Statistical Analysis 
The data was statistically analyzed with the statistical program Minitab 15 using 
the General Linear Model (GLM) to establish significance for each of the factors 
(Herbicide, Adjuvant, Nozzle) on phytotoxicity to white clover, perennial ryegrass and 
common bermudagrass.  This model allowed for multiple factors to be analyzed.  The 
GLM analyzed the effect of each factor as opposed to the effect of each separate 
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treatment.  This allowed the results to suggest which factor within each treatment had a 
significant effect on phytotoxicity. 
Each plant species was analyzed separately at 1 and 2 weeks after application.  
Because the GLM operates with the assumption of normality, each data set was assessed 
using two residual plots: the normal probability plot and the histogram.  In order to be 
analyzed with the GLM, each data set had to follow a normal distribution.  Significance 
was determined using a p-value, with a significance level of α=0.05.  A p-value equal to 
or lower than 0.05 for a factor would suggest that it had a significant effect on 
phytotoxicity to the given plant.  To differentiate which specific variable was responsible 
for the effect, the Tukey’s multiple comparison test was used with a significance level of 
α=0.05.     
 
Field Study 
In the fall of 2006 and spring of 2007, field studies examining the influence of 
adjuvant and nozzle type on herbicide efficacy in controlling white clover were 
conducted in mixed perennial ryegrass/ common bermudagrass turf plots on the former 
soccer practice field at the California Polytechnic State University campus in San Luis 
Obispo, California.  The soil type was Western serpentine clay high in magnesium. 
 
Turfgrass Maintenance 
The research plan, design and implementation were coordinated with the sports 
turf manager of Cal Poly to ensure that the turfgrass received regular and reasonable 
maintenance throughout the three field trials.  Irrigation was applied nightly during the 
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spring, summer and fall when the grass was actively growing (with adjustments for 
weather) and as-needed in the winter.  The grass was aerified once each spring and fall, 
and 1.8 kg slow-release fertilizer was applied per year.  The fertilizer used was Wilbur-
Ellis 20-3-17 polymer coated urea with 6% added iron, which provided 0.36 kg available 
nitrogen.  The field was mowed two times each week. 
  
Experimental Design 
 The study consisted of three trials each with four replications (Plots A, B, C, D), 
each containing 24 sub-plots (1-24), arranged in a complete randomized block design.  
Treatments were applied in random order (determined by a random number generator in 
Minitab 15) to the sub-plots (Figure 4).  There were twenty-four different treatments 
consisting of every possible mixture of three herbicides, four adjuvants and two nozzles, 
as shown in Table 7.  The three levels of herbicides were: no herbicide (NH), Wil-Power 
(WP), and Drive (D).  The four levels of adjuvants were: no adjuvant (NA), R-11 (R11), 
Hasten (H) and Syl-Tac (S).  The two levels of nozzles were: AI Teejet (AI) and XR 
Teejet (XR).  The treatments were mixed in 2 L plastic bottles at recommended label 
rates (Table 8).  See Appendix A for herbicide and adjuvant labels. 
The herbicide/adjuvant/nozzle treatments were applied on 1.2 m x 1.8 m plots 
with a CO2-pressured 2-nozzle hand-held boom sprayer at 138 kpa (Figure 5).  The 
walking speed during application was approximately 3.2- 4.8 kph and was practiced prior 
to application for accuracy.   
The three trials were conducted in different locations on the former soccer 
practice field.  Each location was chosen for its uniformity and similarity to the other 
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locations. The trials were conducted at three times: August 2006, November 2006, and 
January 2007.  Because the trials were conducted at different times of the year, they were 
analyzed separately.  If the three data sets had been analyzed as blocks within one trial, 
the data would not meet the assumptions of the statistical model due to lack of normality 
from factors such as variability between seasons.      
 
Table 7:  Treatments used in Field Study 
Treatments 
      
  
Nozzle Herbicide Adjuvant 
1 AI None None 
2 AI Wil-Power None 
3 AI Wil-Power R-11 
4 AI Wil-Power Hasten 
5 AI Wil-Power Syl-Tac 
6 AI Drive None 
7 AI Drive R-11 
8 AI Drive Hasten 
9 AI Drive Syl-Tac 
10 AI None R-11 
11 AI None Hasten 
12 AI None Syl-Tac 
13 XR None None 
14 XR Wil-Power None 
15 XR Wil-Power R-11 
16 XR Wil-Power Hasten 
17 XR Wil-Power Syl-Tac 
18 XR Drive None 
19 XR Drive R-11 
20 XR Drive Hasten 
21 XR Drive Syl-Tac 
22 XR None R-11 
23 XR None Hasten 
24 XR None Syl-Tac 
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Table 8:  Herbicide and Adjuvant Rates and Amounts for Field Study 
   Rate 
Amount Mixed for 8 
Treatments 
Amount Chemical per 
Treatment 
Wil-Power  1 oz/1000sqft 5.6 mL in 2 L solution 0.07 mL 
Drive (Dry) 0.2 oz/1000sqft 0.03 oz in 2 L solution 0.00375 oz 
R-11 3 pints/100gal 7.45 mL in 2 L solution 0.93 mL 
Hasten 2 pints/100gal 4.96 mL in 2 L solution 0.62 mL 
Syl-Tac 2 pints/100gal 4.96 mL in 2 L solution 0.62 mL 
 
 
 
Figure 4:  Plot Diagrams with Randomized Treatments for Field Study 
Trial 1. 
 
 
 
 
 
 1.8m            
A        1.2m 19 7 11 6 15 3 24 12 14 23 22 8 
 16 17 21 18 9 10 5 13 1 2 4 20 
             
             
B 14 16 17 3 5 7 2 6 18 1 19 22 
 23 11 20 15 9 21 24 4 10 8 12 13 
             
             
C 19 4 8 12 7 23 14 20 24 13 5 10 
 21 22 6 15 2 1 9 3 16 11 17 18 
             
             
D 13 22 6 11 24 17 2 5 1 8 20 16 
 23 15 18 7 12 9 4 14 10 3 21 19 
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Trial 2. 
 
 
Trial 3. 
 
 
 1.8m            
A      1.2m 9 16 12 18 21 17 13 2 1 24 23 5 
 20 19 7 22 3 11 8 15 6 14 4 10 
             
             
B 14 21 13 11 2 7 5 12 17 9 16 3 
 10 24 22 19 1 4 8 23 15 6 18 20 
             
             
C 13 7 10 8 9 22 5 15 2 6 24 23 
 20 11 19 3 2 12 17 1 18 14 16 4 
             
             
D 23 15 1 3 17 20 14 18 21 2 10 16 
 13 11 9 6 19 12 22 24 7 4 8 5 
 1.8m            
A      1.2m 23 16 4 5 17 13 3 1 22 8 10 12 
 15 18 7 6 19 2 9 11 14 21 20 24 
             
             
B 1 23 20 24 9 2 10 4 17 11 12 13 
 3 19 22 15 5 16 18 6 7 8 14 21 
             
             
C 7 5 9 11 18 6 4 15 20 19 1 14 
 3 24 12 13 22 10 17 21 16 23 8 2 
             
             
D 12 14 16 21 23 2 3 7 11 17 10 8 
 15 24 1 13 9 22 20 5 18 6 19 4 
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Figure 5:  Set-up of Field Trial 1 on Former Cal Poly Soccer Field 
 
 
Rating 
Herbicide phytotoxicity as influenced by each of the herbicide, adjuvant, and 
nozzle mixtures was evaluated for each of the two turfgrass species (perennial ryegrass 
and common bermudagrass) and for the weed species, white clover, at the time of 
application as a baseline reading for comparison (not used in the analysis), one week after 
application (Time 1) and 2 weeks after application (Time 2).  Phytotoxicity was evaluated 
visually using a 0-8 rating scale (Table 9).  The plots were rated from left to right starting 
in the upper left corner as shown in Table 10. 
The measure of phytotoxicity was used to determine both the level of control of 
the weed species, white clover, and the level of damage to the two desirable turfgrass 
species, perennial ryegrass and common bemudagrass.  A high level of phytotoxicity, or 
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control, to white clover was desired.  However, phytotoxicity, or damage, to the two 
turfgrass species was not desired. 
 
Table 9: Order of Rating Replicated Plots within each Trial for Field Study 
1 2 3 4 5 6 7 8 9 10 11 12 
13 14 15 16 17 18 19 20 21 22 23 24 
 
 
Table 10:  Phytotoxicity Rating Scale for Field Study 
Phytotoxicity 
Rating Description 
      
       
0 None   
1 Slight yellowing on margins of leaves 
2 >10% yellowing of leaves   
3 10-20% yellowing/ <10% necrotic spots 
4 20-30% yellowing/ 10-20% necrotic   
5 30-40% yellowing/ 20-30%necrotic   
6 40-50% yellowing/ 30-40% necrotic spots 
7 >50% yellowing/ 40-50% necrotic spots 
8 >50% yellow and >50% necrotic   
 
 
Statistical Analysis 
The data was statistically analyzed with the statistical program Minitab 15 using 
the General Linear Model (GLM) to establish significance for each of the factors 
(Herbicide, Adjuvant, Nozzle) on phytotoxicity to white clover, perennial ryegrass and 
common bermudagrass.  This model allowed for multiple factors to be analyzed.  The 
GLM analyzed the effect of each factor as opposed to the effect of each separate 
treatment.  This allowed the results to suggest which factor within each treatment had a 
significant effect on phytotoxicity. 
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Each trial and time was analyzed separately (Trial 1, Time 1; Trial 1, Time 2; 
Trial 2, Time 1; Trial 2, Time 2; Trial 3, Time 1; Trial 3, Time 2) for each plant species.  
Because the GLM operates with the assumption of normality, each data set was assessed 
using two residual plots: the normal probability plot and the histogram.  In order to be 
analyzed with the GLM, each data set had to follow a normal distribution.  Significance 
was determined using a p-value, with a significance level of α=0.05.  A p-value equal to 
or lower than 0.05 for a factor would suggest that it had a significant effect on 
phytotoxicity to the given plant.  To differentiate which specific variable was responsible 
for the effect, the Tukey’s multiple comparison test was used with a significance level of 
α=0.05.     
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Results and Discussion   
Compatibility Study 
While none of the mixtures in any of the three trials received a rating of 3 or 
higher, there were some notable results.  All of the mixtures that included Syl-Tac 
received a rating of 2, which indicated a higher possibility of incompatibility. Of the 
mixtures with Hasten, 70% received a rating of 1 and only 30% received a rating of 2.  
The mixtures that included R-11 were the most compatible (other than the herbicide-only 
controls), with 17% receiving a rating of 1 and less than 1% receiving a rating of 2.  One 
hundred percent of the herbicide-only controls received a rating of 0 and were used for 
comparison only (Table 11). 
Since none of the mixtures received a rating of 3 or higher, all of the mixtures 
were determined to be compatible. All of the mixtures were deemed suitable for 
application with spray equipment in the greenhouse and field studies (Table 11).  
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Table 11: Herbicide/Adjuvant Compatibility Ratings over Time and Final 
Compatibility Determinations 
Trial 1 
Mixtures Rating Determination 
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Drive + Syl-Tac 2 2 2 2 2 2 2 2 2 2 2 compatible 
Drive + R-11 1 1 1 1 1 1 1 1 1 1 2 compatible 
Drive + Hasten 1 1 2 2 2 2 2 2 2 2 2 compatible 
Drive Control 0 0 0 0 0 0 0 0 0 0 0 compatible 
Wil-Power + Syl-Tac 2 2 2 2 2 2 2 2 2 2 2 compatible 
Wil-Power + R-11 1 0 0 0 0 0 0 0 0 0 0 compatible 
Wil-Power + Hasten 1 1 1 1 1 1 1 1 1 1 1 compatible 
Wil-Power Control 0 0 0 0 0 0 0 0 0 0 0 compatible 
 
Trial 2 
Mixtures Rating Determination 
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Drive + Syl-Tac 2 2 2 2 2 2 2 2 2 2 2 compatible 
Drive + R-11 0 0 0 0 0 0 0 0 0 0 0 compatible 
Drive + Hasten 1 1 1 1 1 1 1 2 2 2 2 compatible 
Drive Control 0 0 0 0 0 0 0 0 0 0 0 compatible 
Wil-Power + Syl-Tac 2 2 2 2 2 2 2 2 2 2 2 compatible 
Wil-Power + R-11 0 0 0 0 0 0 0 0 0 0 0 compatible 
Wil-Power + Hasten 1 1 1 1 2 2 2 2 2 2 2 compatible 
Wil-Power Control 0 0 0 0 0 0 0 0 0 0 0 compatible 
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Trial 3 
Mixtures Rating Determination 
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Drive + Syl-Tac 2 2 2 2 2 2 2 2 2 2 2 compatible 
Drive + R-11 0 0 0 0 0 0 0 0 0 0 0 compatible 
Drive + Hasten 1 1 1 1 1 1 1 1 1 1 1 compatible 
Drive Control 0 0 0 0 0 0 0 0 0 0 0 compatible 
Wil-Power + Syl-Tac 2 2 2 2 2 2 2 2 2 2 2 compatible 
Wil-Power + R-11 0 0 0 0 0 0 0 0 0 0 0 compatible 
Wil-Power + Hasten 1 1 1 1 1 1 1 1 1 1 1 compatible 
Wil-Power Control 0 0 0 0 0 0 0 0 0 0 0 compatible 
 
 
Greenhouse Study 
Herbicides 
 One week after application, treatments with the herbicide Drive had a 
significantly higher mean phytotoxicity rating for white clover than treatments with the 
herbicide Wil-Power (p=0.003 at α=0.05) and treatments without herbicide (p=0.000 at 
α=0.05) (Figure 2).  Additionally, treatments with Wil-Power had a significantly higher 
mean phytotoxicity rating (p=0.001 at α=0.05) for white clover than treatments without 
herbicide (Figure 2).  No significant increases in mean phytotoxicity rating were found 
for perennial ryegrass or common bermudagrass one week after application due to lack of 
normality within the data (Data not shown). 
 Two weeks after application, treatments with the herbicide Drive had a 
significantly higher mean phytotoxicity rating (p=0.000 at α=0.05) for white clover than 
treatments without herbicide (Figure 2).  Additionally, treatments with the herbicide Wil-
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Power had a significantly higher mean phytotoxicity rating (p=0.0001 at α=0.05) for 
white clover than treatments without herbicide.  However, there was no significant 
difference between the mean phytotoxicity ratings of treatments with Drive and 
treatments with Wil-Power (Figure 2).  No significant increases in mean phytotoxicity 
rating were found for perennial ryegrass or bermudagrass one week after application due 
to lack of normality within the data (Data not shown). 
 The results were consistent with the expectation that treatments with herbicides 
would cause greater phytotoxicity than treatments without herbicide.  However, although 
treatments with the herbicide Wil-Power were expected to cause greater phytotoxicity 
than treatments with Drive, the data suggest that there was no difference between 
phytotoxicity caused by the two herbicides.  The treatments with both the herbicides, 
Wil-Power and Drive, were expected to have higher mean phytotoxicity ratings for white 
clover without showing higher mean phytotoxicity ratings for the desirable turfgrass 
species.  In accordance with expectations, treatments with both Wil-Power and Drive had 
higher mean phytotoxicity ratings for white clover, but not for perennial ryegrasss or 
bermudagrass, both one and two weeks after application. 
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Figure 6:  Average Effect of Herbicide on Phytotoxicity to White Clover at 1 Week 
and 2 Weeks after Application 
Average Effect of Herbicide on Phytotoxicity 
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Adjuvants 
 One week after application, all treatments that included adjuvants (R-11, Hasten, 
and Syl-Tac) had significantly higher mean phytotoxicity ratings (R-11: p=0.005 at 
α=0.05; Hasten: p=0.001 at α=0.05; Syl-Tac: p=0.000 at α=0.05) for white clover than 
treatments without adjuvant.  In addition, treatments with Syl-Tac had a significantly 
higher mean phytotoxicity rating (p=0.032 at α=0.05) for white clover than treatments 
with R-11.   No significant increases in mean phytotoxicity rating were found for 
perennial ryegrass or bermudagrass one week after application due to lack of normality 
within the data (Data not shown). 
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 Two weeks after application, treatments with the adjuvant Hasten had a 
significantly higher mean phytotoxicity rating (p=0.027 at α=0.05) for white clover than 
treatments without adjuvant.  Additionally, treatments with R-11 had a significantly 
higher mean phytotoxicity rating (p=0.002 at α=0.05) for white clover than treatments 
without adjuvant.  However, no significant difference in mean phytotoxicity rating was 
found between any of the three adjuvants (R-11, Hasten, and Syl-Tac).  No significant 
increases in mean phytotoxicity rating were found for perennial ryegrass or bermudagrass 
one week after application due to lack of normality within the data (Data not shown). 
 As expected, treatments with adjuvants had significantly higher mean 
phytotoxicity ratings for white clover.  However, adjuvants were also expected to cause 
some phytotoxicity to both of the grass species.  Due to non-normal data, there were no 
results to suggest significantly increased phytotoxicity to perennial ryegrass or 
bermudagrass due to adjuvants. 
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Figure 7:  Average Effect of Adjuvant on Phytotoxicity to White Clover at 1 Week 
and 2 Weeks after Application  
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Nozzles 
 The mean phytotoxicity rating for treatments with the nozzle AI was not 
significantly different from the mean phytotoxicity rating for treatments with XR for any 
of the plant species both one and two weeks after application (Data not shown).  These 
results are contrary to the expectation that treatments applied with the AI nozzle would 
increase phytotoxicity to all three plant species.  However, the results agree with the 
expectation that treatments applied with the XR nozzle would not significantly increase 
phytotoxicity to any of the tested species. 
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Field Study 
Herbicides 
In the first trial, one week after application, there was no significant difference in 
mean phytotoxicity ratings between treatments with no herbicide, Wil-Power, or Drive 
for any of the three plant species (Data not shown).  Two weeks after application, 
treatments with the herbicide Drive had a significantly higher mean phytotoxicity rating 
for perennial ryegrass than treatments with Wil-Power (p=0.009 at α=0.05) (Figure 4).  
Also, treatments with no herbicide had a higher mean phytotoxicity rating (p=0.038 at 
α=0.05) for perennial ryegrass than treatments with Wil-Power (Figure 4).  There was no 
significant difference in mean phytotoxicity ratings between treatments with Drive and 
treatments without herbicide (Figure 4). 
 In the second trial, both one and two weeks after application, there was no 
significant difference in the mean phytotoxicity rating between treatments with no 
herbicide, Wil-Power, or Drive for any of the tested species (Data not shown). 
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Figure 8:  Average Effect of Herbicide on Phytotoxicity to Perennial Ryegrass 1 
Week and 2 Weeks after Application 
 
(Note: The data shown for “No Herbicide” represents the average effect of the treatments with no 
herbicide, which includes treatments with adjuvants.  As presented in figure 2, “No Herbicide” does not 
represent the water-only control treatment.) 
 
In the third trial, one week after application, treatments with the herbicide Drive 
had a significantly higher mean phytotoxicity rating (p=0.034 at α=0.05) for white clover 
than treatments with no herbicide (Figure 5).  In addition, two weeks after application, 
treatments with the herbicide Drive had a significantly higher mean phytotoxicity rating 
(p= 0.021 at α=0.05) for white clover than treatments with no herbicide (Figure 5).  
However, both 1 and 2 weeks after application, no significant difference was found 
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between the mean phytotoxicity rating of treatments with Drive and that of treatments 
with Wil-Power (Figure 5). 
 
Figure 9:  Average Effect of Herbicide on Phytotoxicity to White Clover 1 Week and 
2 Weeks after Application 
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(Note: The data shown for “No Herbicide” represents the average effect of the treatments with no 
herbicide, which include treatments with adjuvants.  As presented in figure 3, “No Herbicide” does not 
represent the water-only control treatment.) 
 
The treatments with Wil-Power were expected have significantly higher 
phytotoxicity ratings for all three species tested, particularly white clover, the weed 
species. However, the data show that treatments with Wil-Power did not have 
significantly different mean phytotoxicity ratings for any of the plant species throughout 
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the three trials (Data not shown).  In addition, contrary to expectations, in the first trial, 
two weeks after application, treatments with no herbicide had a higher mean 
phytotoxicity rating than treatments with Wil-Power. 
The treatments with the herbicide Drive were expected to have significantly 
higher mean phytotoxicity ratings for white clover without showing higher mean 
phytotoxicity ratings for the desirable turfgrass species.  In accordance with expectations, 
treatments with Drive had higher mean phytotoxicity ratings for white clover in the third 
trial.  However, it also showed higher mean phytotoxicity ratings for perennial ryegrass 
in the first trial (Figure 3). 
The treatments without herbicide were used as controls and were not expected to 
affect the mean phytotoxicity ratings for any of the plant species.  The results support this 
expectation, as the data suggest that there was not a significant increase in mean 
phytotoxicity ratings for treatments without herbicide.  While the data do show some 
phytotoxicity due to the treatments with no herbicide, it may indicate the influence of the 
adjuvants in the mixtures.     
 
Adjuvants 
The treatments that had combinations of herbicides and adjuvants were expected 
to have significantly higher mean phytotoxicity ratings for all three plant species.  
However, no increase in phytotoxicity to any of the three plant species due to adjuvant 
was indicated by the data.  Additionally, treatments with adjuvants and no herbicide were 
expected to have slightly higher phytotoxicity ratings for all three plant species.  
However, the data suggest that adjuvants alone did not increase phytotoxicity to any of 
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the plant species.  The adjuvants may have caused slight differences in phytotoxicity 
which were not statistically significant (Figures 4-12). 
 
Figure 10: Trial 1: Average Effect of Adjuvant on Phytotoxicity to White Clover 1 
Week and 2 Weeks after Application 
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Figure 11: Trial 1: Average Effect of Adjuvant on Phytotoxicity to Perennial 
Ryegrass 1 Week and 2 Weeks after Application 
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Figure 12: Trial 1: Average Effect of Adjuvant on Phytotoxicity to Common 
Bermudagrass 1 Week and 2 Weeks after Application 
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Figure 13: Trial 2: Average Effect of Adjuvant on Phytotoxicity to White Clover 1 
Week and 2 Weeks after Application 
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Figure 14: Trial 2: Average Effect of Adjuvant on Phytotoxicity to Perennial 
Ryegrass 1 Week and 2 Weeks after Application 
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Figure 15: Trial 2: Average Effect of Adjuvant on Phytotoxicity to Common 
Bermudagrass 1 Week and 2 Weeks after Application 
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Figure 16: Trial 3: Average Effect of Adjuvant on Phytotoxicity to White Clover 1 
Week and 2 Weeks after Application 
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Figure 17: Trial 3: Average Effect of Adjuvant on Phytotoxicity to Perennial 
Ryegrass 1 Week and 2 Weeks after Application 
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Figure 18: Trial 3: Average Effect of Adjuvant on Phytotoxicity to Common 
Bermudagrass 1 Week and 2 Weeks after Application 
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Nozzles 
 In the first trial, one week after application, treatments applied with the nozzle AI 
had a significantly higher phytotoxicity rating (p= 0.050 at α=0.05) for white clover than 
treatments applied with the XR nozzle (Figure 13).  In addition, treatments applied with 
AI had a significantly higher phytotoxicity rating (p= 0.007 at α=0.05) for white clover 
two weeks after application (Figure 13).   
 
Figure 19:  Average Effect of Nozzle on Phytotoxicity to White Clover 1 Week and 2 
Weeks after Application 
 
 
In trial 2, one week after application, there were no significant differences in 
mean phytotoxicity ratings between treatments applied with AI and those applied with 
XR for any of the tested plant species (Data not shown). 
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In trial 2, two weeks after application, treatments applied with the nozzle AI had a 
significantly higher mean phytotoxicity rating (p= 0.000 at α=0.05) for common 
bermudagrass than treatments applied with XR (Figure 14).  
 
Figure 20:  Average Effect of Nozzle on Phytotoxicity to Common Bermudagrass 1 
Week and 2 Weeks after application 
 
 
In trial 3, both one and two weeks after application, no significant difference in 
mean phytotoxicity rating was found between treatments applied with the AI nozzle and 
those applied with  XR for any of the tested species (Data not shown). 
In trial 1, one week after application, there was no significant difference in mean 
phytotoxicity rating between treatments applied with the XR nozzle and those applied 
with the AI nozzle for any of the tested species (Data not shown).  However, in trial 1, 
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two weeks after application, treatments applied with the XR nozzle had a significantly 
higher mean phytotoxicity rating (p=0.001 at α=0.05) for perennial ryegrass (Figure 15).  
 
Figure 21:  Average Effect of Nozzle on Phytotoxicity to Perennial Ryegrass 1 Week 
and 2 Weeks after Application  
 
 
 In trial 2, both one and two weeks after application, there was no significant 
difference in mean phytotoxicity rating between treatments applied with the XR nozzle 
and those applied with AI for any of the tested species (Data not shown). 
 In trial 3, both one and two weeks after application, there was no significant 
difference in mean phytotoxicity ratings between treatments applied with the XR nozzle 
and those applied with AI for any of the tested species (Data not shown). 
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Treatments applied with the XR nozzle were expected to cause increased 
phytotoxicity to all three tested species due to the fine droplet size of the nozzle which 
increased coverage of the plant and, therefore, efficacy of the treatment applied.  While 
the XR nozzle did slightly increase phytotoxicity to perennial ryegrass 2 weeks after 
application in the first trial, the data suggest that it did not have a significant effect on 
phytotoxicity to white clover or common bermudagrass.  
The AI nozzle, which produced large droplets, was expected to provide adequate 
coverage without increasing phytotoxicity.  However, the data show that treatments 
applied with the AI nozzle caused increased phytotoxicity to all three plant species. 
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Conclusion 
Many of the results of this study were unexpected.  The greenhouse and field 
studies were expected to have similar results, yet while the influence of herbicides and 
adjuvants on phytotoxicity was significant for the three plant species in the greenhouse 
study, the influence of herbicides and nozzles was significant in the field study.  
Application with different nozzles seemed to have no effect on phytotoxicity in the 
greenhouse trial, although it was an important factor in the field trial.  The addition of 
adjuvants showed no significance in the field study, while in the greenhouse study all 
three adjuvants had an effect on phytotoxicity.  Additionally, in the field trial, interactions 
between the factors were expected; however, there were no significant interactions 
between the factors herbicide, adjuvant, and nozzle.   
The most surprising finding was that adjuvants had no significant effect on 
phytotoxicity to any of the plant species in the field trial, especially since they were 
highly significant in the greenhouse study.  All of the adjuvants were expected to cause 
increased phytotoxicity to both the weed species, white clover, and the turfgrass species, 
perennial ryegrass and common bermudagrass.  Adjuvants are added to herbicide 
mixtures to increase the phytotoxicity to the weed species, and therefore efficacy of the 
herbicide.  Since the results of the field study are contrary to expectations, further 
research is needed to determine the effects of adjuvants on herbicide efficacy in field 
applications.  
When making the decision to use treatments including adjuvants to increase the 
efficacy of the herbicide, a level of acceptable damage to the desirable turfgrass species 
needs to be determined.  If the adjuvants cause phytotoxicity greater than this level, they 
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should not be used.  The data from these studies do not conclusively support the use of 
adjuvants for managing white clover in turfgrass, as the results were contradictory.  
However, there was also no evidence of increased phytotoxicity to the desirable turfgrass 
species.  Further research is needed to make a more informed decision regarding the use 
of adjuvants to increase herbicide efficacy. 
Another unexpected result was that the herbicide Drive had a significant effect on 
the phytotoxicity to both perennial ryegrass and white clover in the field study.  The 
reason for this increase in phytotoxicity was originally thought to have been due to the 
addition of adjuvants; however, this idea was rejected due to lack of supporting evidence.  
While most of the findings were unexpected, there were some results in accord with the 
literature.  For example, Drive did not increase the phytotoxicity to the common 
bermudagrass in the field study.  This result is supported by the label (Appendix A), 
which states that common bermudagrass is highly tolerant to Drive when applied at label 
rates.  Drive also did not cause increased phytotoxicity in the greenhouse study. 
These conflicting results from the treatments with Drive herbicide suggest that the 
data may be atypical and need to be further studied to rule out variability due to weather, 
maintenance, turfgrass use or other unknown factors.  Further research involving multiple 
trials per season would help to eliminate variability and obtain better results.  
In addition to the unexpected results from Drive mixtures, the herbicide Wil-
Power had no significant effect on phytotoxicity to any of the plant species in the field 
study and it only had a significant effect on phytotoxicity to white clover in the 
greenhouse study.  This finding disagrees with the literature, as common bermudagrass, 
in particular, can be damaged by Triclopyr, one of the active ingredients in Wil-Power 
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(Handly, et al., 2001).  The lack of expected results from the common bermudagrass may 
be explained by the cooler days and other growth conditions of the central coast, which 
are not ideal for this species and may have influenced its response to the herbicides.  In 
addition, Wil-Power did not have a significant effect on white clover in the field study as 
was expected.  Further research is needed to determine the effect of this herbicide on both 
weed and turgrass species.   
While the greenhouse study showed no evidence to suggest that nozzles have an 
effect on phytotoxicity, the field study suggested otherwise.  An interesting finding from 
the field trial was that the AI Teejet nozzle had a significant effect on phytotoxicity to 
both white clover and common bermudagrass, while the XR Teejet only increased 
phytotoxicity to perennial ryegrass.  The AI Teejet nozzle is designed to produce air-
filled droplets which provide less coverage than the XR Teejet nozzle, which produces a 
fine droplet and increased coverage (Spray Systems Co., 2004).  This increased coverage 
was expected to increase phytotoxicity to all of the plant species.  While the data suggest 
that both types of nozzles can cause significant increases in phytotoxicity to both 
desirable and undesirable plant species, particular caution should be used when applying 
herbicides with air induction nozzles like the AI Teejet. 
Data from the greenhouse study may have been unreliable due to the poor 
condition of the plants.  While the perennial ryegrass and common bermudagrass grew 
according to expectations, the white clover did not exhibit optimal growth.  While the 
causes of the poor performance of the white clover may have been the high humidity and 
frequent irrigation inside the greenhouse, they were not investigated in this research, but 
led to the decision to not carry out subsequent greenhouse trials.  
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In both the greenhouse and field studies, the large number of factors and variables 
caused the statistical model to lose power.  Further studies should be broken down into 
smaller groups with fewer factors to increase the power of the statistical model.  For 
example, a single study could use one herbicide applied with two or more different 
nozzles to study their effect on phytotoxicity and herbicide efficacy.  A second study 
could use one or no herbicide with different adjuvants to study only the effect of 
adjuvants on phytotoxicity.  Additionally, more trials or more replications within each 
trial could be added to increase the amount of data, reduce variability, and achieve a more 
normalized data set.  
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Appendix A: Herbicide and Adjuvant Labels 
 
